The usefulness of placentome diameter measurement for the determination of gestational age in Nigerian breed of sheep and goats was investigated in two experiments. In the first experiment, cross-sectional design was used and placentome diameters were measured in 18 Yankasa/Uda crossbred ewes and 20 Sahel does using transabdominal probe. A tentative estimate of gestation age was made using placentome diameter and gestation age correlates from a previous study. Subsequently, the date of parturition was recorded for each animal and the actual conception date was calculated retrospectively using a previously described 148-day gestation table for ewes and does. In the second experiment, a prospective cohort design was used on 6 goats, from end of second trimester until parturition. The date of conception was then retrospectively calculated. It was found that the estimated and actual gestation ages in both sheep and goats were not significantly different (P>0.05). The correlation coefficient (r²) between the placentome diameter and gestation age was 0.84 (P= 0.0001), for sheep and 0.90 (P= 0.0001) for goats suggesting a significant high positive correlation between placentome diameter and gestational age. The regression equation was and for sheep and goats, respectively. However, the placentome diameters monitored until parturition were not significantly different (P>0.05) between the weeks and not significantly correlated with gestational age. It was concluded that placentome diameter is useful to estimate gestational age at mid gestation and not within the last third of pregnancy.
Introduction
In Nigeria, sheep and goats provide their owners with meat, skin, milk, as well as source of investment and insura nce against crop failure (Devendra & Solaiman, 2010) . In most flocks of sheep and goats, natural service dates are unobserved or unrecorded, hence a reliable, non-invasive, fast, and reproducible method for diagnosis of pregnancy is essential (Doize et al., 1997) . Real time B-mode ultrasonography is an accurate, rapid and safe method for diagnosing pregnancy in small ruminants with nearly 100% accuracy (Garcia et al., 1993; Doize et al., 1997) . The use of several measurable objective variables such as the size of fetal head (bi-parietal diameter), thoracic depth and embryo length (size) among others have been described in determination of gestational age by ultrasonography in small ruminants (Sergeev et al., 1990; Reichle & Haibel, 1991) . Another measurable variable are the placentomes (Adeyinka et al., 2014; Petrujkic et al., 2016) which are readily observable via trans-abdominal ultrasonography throughout pregnancy in small ruminants (Bretzlaff et al., 1993; Doize et al., 1997) . They are readily imaged in cross-section as cup-shaped hyper-echogenic structures with concave surface directed towards the uterine lumen (Haibel, 1990) . In addition, Lawrence et al. (2016) suggested that correlation between placentome size and gestational age can be improved by increasing the number of placentomes measured. Furthermore, due to variations in breed and nutrition among different management systems, it is important for each breed to be assessed for the information to be relevant and applicable to the target population of sheep and goats. Thus, the objective of this study was to determine the usefulness of placentome diameter measurement for the determination of gestational age during mid-gestation in crossbred Yankasa/Uda ewes and Sahel does.
Materials and Methods

Animals and management
Two experiments were conducted on pregnant crossbred Yankasa/Uda ewes and Sahel does aged between 1.5 and 2.5 years. The animals were obtained from livestock farmers in Maiduguri, Nigeria, using purposive sampling technique. Only pluriparous animals that stood to be mated by males and did not return to oestrus were included in the study. The age of the animals were estimated through dentition as described by Dyce et al. (1987) . Their body condition score was 3 on a scale of 1 to 5 (Burkholder, 2000) . All the animals were acclimatized for 6 weeks in a semi-intensive management system where they roamed freely in the day time. They were fed supplements (mainly groundnuts hay, beans and corn husk) in the mornings and evenings and water was provided ad libitum.
Animal preparation and procedure for scanning
The animals were approximately in mid-gestation at the commencement of the experiments. All the animals used in this study were restrained in a natural standing position and the ultrasound examination for pregnancy was conducted as described by Hesselink & Taverne (1994) , with modifications of not fasting and shaving according to Kahn (2004) . A real-time ultrasound scanner EMP820Vet (Model: vet image 201 with a serial No. 20101220), Recorders and Medicare Systems (RMS) LTD. fitted with 5.0 MHz convex array transducer (Probe Model: C080-60F) was used. The probe had a 60 mm radius, 190 mm scanning scope and 60° angle.
Carboxymethylcellulose ultrasound transmission gel (BEGOODSONIC1000®) was used as coupling medium. The probe was applied to the hairless area immediately cranial to the udder as described by Kahn (2004) .
Experimental design
In the first experiment, a total of 18 ewes and 20 does were used. The placentome diameters were measured in the pregnant animals and the average measurements of three largest placentomes for each ewe and doe were recorded as described by Lawrence et al. (2016) . The gestation age was estimated using placentome diameter lengths recorded from a previous abattoir-based study (Waziri et al., 2009) . Each ewe and doe was monitored and the date of parturition was recorded. The conception date was calculated retrospectively, based on 148-day gestation period using the date of delivery described by Gimenez & Rodning (2007) . Using the determined conception date, the actual gestation age of the recorded placentome diameters was determined. In the second experiment, 6 pregnant Sahel does were used in a prospective cohort design. Transabdominal scanning and measurement of placentome diameter was done once a week until parturition. Three placentomes were measured for each doe as was done in the first experiment. After parturition, the actual conception date was calculated retrospectively according to Gimenez & Rodning (2007) , and the data obtained was realigned to the retrospective week of conception. Parturition occurred in all the does within 9 weeks of commencement of the study and placentome diameter measurements for the last 7 weeks prepartum were obtained in all 6 does and aligned to actual gestation age (week). Student t test was used Figure 1 shows the trend and relationship of placentome diameter measurements and the estimated gestation age with the actual gestation age in sheep. The regression was significantly different (F= 202.06; P= 0.0001). The coefficient of determination (r²) was 0.84, while Figure 2 shows a similar trend and relationship in goats. For the goat, the regression was also significantly different (F= 314.21; P= 0.0001), with even higher r² of 0.90. The regression equations were: and for sheep and goats, respectively. Result from the second experiment showed that mean placentome diameter measured weekly for the last 7 weeks before parturition was not significantly different (P>0.05) with each other. Furthermore, placentome diameter monitored until parturition was not significantly correlated with gestational age. 
Discussion
The relationship between placentome diameter and gestation age of sheep and goats found in the current study agreed with previous studies which were conducted with gross anatomic specimens (Doize et al., 1997; Waziri et al., 2009) . However in sheep, the high correlation between gestation age and placentome size (r²= 0.84) disagrees with the reports of Doize et al. (1997) who observed poor correlation of (r²=0.15) in ewes, although they found significant positive correlation for does (r²= 0.7). According to Doize et al. (1997) , placentome size increased rapidly during the first 70 to 90 d of gestation in ewes and does. In goats, the high positive correlation between gestation age and placentome diameter observed in the present study was similar to the findings of Leigh & Fayemi (2010) which was r²=0.94. On the other hand, other workers, reported lower correlation with r² ranging from 0.45 to 0.57 (Lee et al., 2005; Nwaogu et al., 2010) . These differences might be due to the goat breeds studied and the technique of placentome measurements. In the present study, average diameter of three placentomes was used to estimate the age of gestation. In addition, our estimation of the gestation age was not significantly different from the actual gestation age in goats. This could be explained with the report of Igwebuike & Ezeasor (2013) , which observed that the average size of the placentome in West African dwarf does increased linearly (r 2 = 0.978; P<0.05) as pregnancy progressed. In the second study, it was found that there was no significant correlation between placentome diameter and the stage of gestation. This suggests that while the gestation age could be estimated at mid gestation as seen in the first experiment, the placentome diameter is not a good indicator of gestational age during the last third of pregnancy. According to Adeyinka et al. (2014) , there was a significant association between placentome size and gestational age in cows, but between-cow variation in placentome size and growth resulted in poor agreement between placentome size and gestational age, hence, they recommended that mean placentome size should not be used to estimate gestational age. In the current study, no significant difference was observed between placentome diameters measured weekly during the last 7 weeks of gestation. This suggests that average placentome diameter remained the same in the last weeks before parturition. This, along with variations in placentome diameter between does and variation in the individual placentome measured would explain the lack of usefulness of placentome diameter to estimate gestational age in the last third of gestation/pregnancy. In conclusion, placentome diameter measurement is useful in determining gestational age at midgestation but may not be accurate during the last 7 weeks of gestation. Thus, it is suggested that accurate determination of gestational age could be increased by measurement of other available foetal parameters. 
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